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BIT ERROR RATE ESTIMATION 



BACKGROUND 



The present invention relates to telecommunications systems, and more 
particularly to bit error rate estimation in telecommunications systems. 

Increasingly, modern telecommunications systems employ digital signal 
processing techniques to communicate information from a sender to a recipient. In such 
systems, the information to be communicated is represented as a series of binary digits 
(bits). These information bits are communicated from a sender to a receiver. 
Depending on the type of information being conveyed, the received information bits 
may be immediately usable in their digital format (e.g., where the information is of a 
type that originates in a digital format, such as an application program to be run by a 
computer processor or a document created by a word processor). In other cases, the 
received information may represent information that originated in analog form, such as 
voice information that is sensed by a microphone for the purpose of being 
communicated in a telephone call. In such cases, the analog signal must first be 
converted to a digital format prior to transmission. At the receiving end, the received 
information bits must first be converted back into an analog form before it can be used 
by the receiver (e.g., by applying the analog signal to a speaker that recreates the sound 
of a far-end user's voice). Such techniques are well-known, and need not be described 
here in further detail. 



sender to a receiver is called a channel. For example, in radiocommunication systems, 
the channel is the air and other obstacles through which the electromagnetic signal 
travels from a transmitting antenna to a receiving antenna. Because the channel is often 
not an ideal vehicle for propagating the signal (e.g., different parts of the transmitted 
electromagnetic signal may reflect off of different objects, resulting in so-called multi- 
path propagation; also, the signal may experience fading), transmission over a channel 
can distort the signal. This distortion, in turn, can result in the receiver receiving 
information bits that do not exactly match the information bits that were transmitted by 



The medium through which a signal propagates as it travels from a 




-2- 

the sender. Consequently, techniques are applied to enable the detection and possible 
correction of bit errors. 

Looking first at error detection techniques, these involve, at the sending 
side, the generation of special error detection bits that are calculated based on the 
5 information bits to be transmitted. Error detection bits may be in the form of cyclic 
redundancy check (CRC) bits, parity bits, or any other bits generated as a function of 
the information bits in accordance with other error detection techniques. The sender 
transmits the information bits along with the calculated error detection bits. At the 
receive side, the receiver uses the same error detection technique to generate expected 

10 error detection bits from the received information bits. The expected error detection 
bits are then compared to the actually received error detection bits. If they match, then 
the information bits were likely received without error. If the expected and received 
error detection bits do not match, however, then an error occurred in transmission, and 
appropriate steps should be taken. 

15 Error correction techniques are also known. For example, in mobile 

communications systems, so called "forward error correction" (FEC) coding techniques 
are often applied at the transmitter, which add additional bits to the transmission bit 
stream. These additional bits are not only capable of indicating whether an error exists 
in the received bit stream, but they also carry information about what the correct values 

20 should be. Consequently, the receiver uses these additional bits to more accurately 
reconstruct the transmitted bit stream, even if one or more errors occurred during the 
transmission. For example, block coding techniques may be employed that, for 
example, break the information to be transmitted up into fixed-sized blocks and 
replicate each bit a predetermined number of times. For example, in a so-called (3,1) 

25 code, each bit to be transmitted is replicated two more times, so that it is transmitted a 
total of three times. It is apparent that transmitting all of this expanded number of bits 
takes more time than merely transmitting the unencoded bit stream. However, the 
benefit is achieved at the receiver, which can, for example, use a Viterbi decoder to 
select a most-likely unencoded bit on the basis of the three coded bits. The most-likely 

30 unencoded bit in this case can be the value represented by at least two of the three 

received coded bits. Thus increased transmission accuracy is achieved at the expense of 
throughput. 
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However, error correction coding is not infallible. A very poor quality 
channel could, in the above example, cause at least two of the received coded bits to 
take on the wrong value, in which case the receiver would wrongly decide on the 
"most-likely" value of the decoded bit. To reduce the likelihood of a transient channel 
5 condition, such as a deep fade, from similarly affecting all of the coded bits that 

represent a same underlying non-coded bit, techniques such as interleaving are applied 
at the transmitter, which redistribute the coded bits such that coded bits corresponding 
to a same underlying non-coded bit will not be transmitted in succession, but will 
instead be spaced apart in time, with other coded bits being transmitted in-between. At 
10 the receiver, deinter leaving should be applied to properly re-order the bits so that 
□ decoding can take place. 

i J Despite the use of such techniques, the quality of the channel can 

r? nonetheless be such that some of the received information bits are erroneous, even after 

fy error correction has been performed by the receiver. For this reason, error detection 

jh 15 techniques are often used in combination error correction techniques. That is, at the 
^ transmitter, error detection bits calculated from underlying information bits are added to 

J the bit stream, and error correction coding is then applied on this larger bit stream. At 

the receiver, the reverse processes are performed, so that the error detection process 
5 serves to indicate whether errors in the decoded information bits remain, despite the use 

20 of error correction. 

As explained above, the decoded information bits can include one or 
more errors, despite the use of interleaving and error correction coding/decoding. 
Depending on the application, a certain number of bit errors per unit of time may be 
tolerable, such as where the information bits represent voice information carried over a 
25 cellular telephone call. In such cases, errors may cause the quality of the sound to 

degenerate, but the sound reproduced from this erroneous bit stream may nonetheless 
be acceptably recognizable to the listener. At or above a particular level however, the 
bit error rate becomes unacceptable because the amount of audio distortion may make 
the received speech difficult to understand. 
30 One measure of the quality of transmission is the Bit Error Rate (BER), 

which represents how many erroneous bits are received per block or unit of time. In 
many communications systems, actions that can be taken when the BER becomes too 
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large to provide acceptable service include retransmitting the information (e.g., 
retransmitting the erroneously received block of bits), and/or taking steps to reduce the 
BER in future transmissions. For example, in the case of mobile radio 
communications, it may be possible to improve (i.e., reduce) the BER by increasing the 
5 transmit power level used by the transmitter. Increasing the transmit power for one 
user can be expected to increase interference levels for other users, however, so power 
control mechanisms in communication systems such as cellular communication systems 
typically use a quality measure like BER as feedback for maintaining transmit power 
levels at minimum levels necessary to maintain a desired quality of service. 

10 FIG. 1 is a block diagram showing a conventional system for generating 

a BER estimate. At a transmitter, data to be transmitted is supplied to coding and 
interleaving logic 101, which generates interleaved FEC bits as described above. These 
bits are imposed onto a signal (e.g., by means of binary phase shift keying, BPSK) that 
is propagated through a channel 103. At a receiver, the received signal 105 is supplied 

15 to decoding and deinterleaving logic 107, which performs deinterleaving and error 

correction decoding as described above to generate a stream of decoded bits ("Received 
Data") 109. The decoded bits 109 are supplied to other circuitry (not shown) in the 
receiver which uses them for their intended purpose (e.g., generating a loudspeaker 
signal in a mobile communication device). For purposes of generating the BER 

20 estimate, the conventional system also supplies the decoded bits 109 to coding and 
interleaving logic 111 that essentially duplicates the process performed by the 
transmitter's coding and interleaving logic 101, except that the receiver performs these 
operation on the decoded bits 109. 

In parallel with the receiver's decoding and deinterleaving logic 107 and 

25 coding and interleaving logic 111, the received signal 105 is supplied to raw decoding 
logic 113, which merely generates l's and 0's from the received signal 105, but does 
not perform any error correction or deinterleaving. The output bit stream supplied by 
the raw decoding logic 113 is then supplied to one input of comparison logic 115. 
Another input of the comparison logic 115 receives the output bit stream supplied by 

30 the receiver's coding and interleaving logic 111. The comparison logic 115 calculates, 
for a given length input bit stream, how many differences there were between the values 
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supplied by the receiver's coding and interleaving logic 111 and the raw decoding logic 
113. This count represents the BER estimate. 

The conventional technique for estimating the BER is flawed in that it 
relies on the decoded bits 109 being entirely accurate. That is, the technique of 
5 comparing the output of the receiver's coding and interleaving logic 111 with the output 
of the raw decoding logic 113 assumes that the output of the receiver's coding and 
interleaving logic 111 is entirely accurate, so that any differences between it and the 
output of the raw decoding logic 1 13 is an accurate measure of how many errors 
occurred. However, the output of the receiver's decoding and deinter leaving logic 107 

10 will only be correct if the supplied decoded bits 109 are correct, and this is not always 
the case. As a result, whenever the decoding and deinterleaving logic 107 generates an 
erroneous stream of decoded bits 109, so too will the receiver's coding and interleaving 
logic 111. This only multiplies the error. Consider, for example, a system that uses a 
(3,1) block code that replicates each underlying information bit. For each one 

15 erroneous bit that is supplied at the input of the receiver's coding and interleaving logic 
111, three erroneous bits will be generated at the output. These will then be compared 
with a similarly erroneous bit stream generated by the raw decoding logic 113. That is, 
the non-correctable errors will not only be found in the bit stream generated by the 
coding and interleaving logic 111, but also in the bit stream generated by the raw 

20 decoding logic 113. As a result, the BER in this case will be grossly underestimated. 

If a different type of coding had been specified in the above example, 
such as convolutional or turbo coding, then the BER would have been grossly 
overestimated instead of underestimated. The reason in this case is that with 
convolutional coding or turbo coding, one changed (i.e., erroneous) bit in the sequence 

25 109 can completely change the sequence generated by the coding and interleaving logic 
111. 

In any case, the BER estimate that is calculated when the block of 
decoded bits includes errors can be very far from correct. Such an over- or under- 
estimation of BER can be catastrophic under these circumstances, because the system is 
30 likely to take inappropriate responsive power control measures. For example, where 
the BER has been over-estimated, the transmitter power may be needlessly boosted to 
levels that cause excessive interference to other receivers. Alternatively, where the 
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BER has been under-estimated, the system may conclude that the BER is within 
acceptable levels that require no intervention, when, in reality, steps should be taken to 
improve the transmission conditions and thereby reduce the BER. 

Thus, there is a need to provide techniques and apparatuses for 
5 generating BER estimates that take into account the presence of erroneous bits in a 
received data stream. 

SUMMARY 

It should be emphasized that the terms "comprises" and "comprising", 
when used in this specification, are taken to specify the presence of stated features, 
10 integers, steps or components; but the use of these terms does not preclude the presence 
oi or addition of one or more other features, integers, steps, components or groups 

thereof. 

;^ In accordance with one aspect of the present invention, the foregoing and 

iM= other objects are achieved in methods and apparatuses that generate a bit error rate 

' 15 estimate for a received signal. This includes using an error correction decoding 
: % technique to generate a block of decoded bits from the received signal; and using an 

fU error detection technique to determine whether at least one of the decoded bits from the 

q block of decoded bits has an erroneous value. If none of the decoded bits from the 

^ block of decoded bits has an erroneous value, then the bit error rate estimate is 

20 calculated from the received signal. Otherwise, if at least one of the decoded bits from 
the block of decoded bits has an erroneous value, then the bit error rate estimate is set 
equal to a value that is based on a previously calculated bit error rate. 

Setting the bit error rate estimate equal to the value that is based on the 
previously calculated bit error rate may comprise setting the bit error rate estimate 
25 equal to a value that is equal to the previously calculated bit error rate. Alternatively, it 
may comprise setting the bit error rate estimate equal to a value that is predicted from 
one or more previously calculated bit error rates. 

To further solve bit error rate estimation problems that can arise when 
very poor channel conditions cause many consecutive blocks to be received with non- 
30 correctable errors, setting the bit error rate estimate equal to the value that is based on 
the previously calculated bit error rate if at least one of the decoded bits from the block 
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of decoded bits has an erroneous value may comprise setting the bit error rate estimate 
equal to a predetermined value that is not based on the previously calculated bit error 
rate if the block of decoded bits is at least an «th consecutively received block of 
decoded bits having at least one decoded bit that has an erroneous value, wherein n is a 
5 number greater than one; and otherwise setting the bit error rate estimate equal to the 
value that is based on the previously calculated bit error rate if at least one of the 
decoded bits from the block of decoded bits has an erroneous value. 

The predetermined value may advantageously be set greater than or equal 
to a reference value used in a power control algorithm. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the invention will be understood by 
reading the following detailed description in conjunction with the drawings in which: 

FIG. 1 is a block diagram of a conventional system for generating a BER 

estimate; 

15 FIG. 2 is a block diagram of a system that employs a BER estimator that 

operates in accordance with the invention; and 

FIG. 3 is a flow chart that illustrates the functioning of comparison logic 
that generates a BER estimate in accordance with the invention. 

DETAILED DESCRIPTION 

20 The various features of the invention will now be described with respect 

to the figures, in which like parts are identified with the same reference characters. 

The various aspects of the invention will now be described in greater 
detail in connection with a number of exemplary embodiments. To facilitate an 
understanding of the invention, many aspects of the invention are described in terms of 

25 sequences of actions to be performed by elements of a computerized system. It will be 
recognized that in each of the embodiments, the various actions could be performed by 
specialized hard- wired circuits (e.g., discrete logic gates interconnected on one or more 
integrated circuits to perform a specialized function), by program instructions being 
executed by one or more programmable processors, or by a combination of both. 

30 Moreover, the invention can additionally be considered to be embodied entirely within 
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any form of computer readable storage medium having stored therein an appropriate set 
of computer instructions that would cause a processor to carry out the techniques 
described herein. Thus, the various aspects of the invention may be embodied in many 
different forms, and all such forms are contemplated to be within the scope of the 
5 invention. For each of the various aspects of the invention, any such form of 

embodiment may be referred to herein as "logic configured to" perform a described 
action, or alternatively as "logic that" performs a described action. 



provides an accurate estimate only so long as most of the received erroneous bits can be 
10 corrected by means of the error correction coding. If this is not the case, then the 
conventionally generated BER estimate can be grossly incorrect. To solve this 
problem, the inventive BER estimation technique uses error detection techniques to 
determine whether a block of decoded bits includes at least one erroneous bit. If it 
does, then the BER estimate is set to a value that represents the BER more meaningfully 
15 than the BER estimate generated through conventional means. 



detail with reference to FIG. 2, which is a block diagram of a system that employs a 
BER estimator that operates in accordance with the invention. At a transmitter, data to 
be transmitted is supplied to error detection, coding and interleaving logic 201, which 

20 generates error detect bits for each block pi data to be transmitted, and then generates 
interleaved FEC bits from the information and error detect bits. These bits are then 
imposed onto a signal (e.g., by means of binary phase shift keying, BPSK) that is 
propagated through a channel 203. At/a receiver, the received signal 205 is supplied to 
decoding, deinterleaving and error detect logic 207, which performs deinter leaving and 

25 error correction decoding as described above to generate a stream of decoded bits 
("Received Data") 209. The decoded bits 209 are supplied to other circuitry (not 
shown) in the receiver which uses pern for their intended purpose (e.g., generating a 
loudspeaker signal in a mobile communication device). The decoding, deinterleaving 
and error detect logic 207 further/ generates an error detect signal 211 that indicates 

30 whether the decoded bits 209 include at least one erroneous bit. The generation of the 
error detect signal 211 may, for /example, be based on a comparison of receiver- 
generated CRC bits with received CRC bits that had been added to the information bits 



As explained earlier, the conventional technique for estimating BER 
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by the transmitter prior to error competition coding and interleaving. If the two sets do 
not match, then an error is indicated. 

For purposes of generating the BER estimate, the decoded bits 209 are 
also supplied to error detection, coding and interleaving logic 213 that essentially 
5 duplicates the process performed by the transmitters error detection, coding and 

interleaving logic 201, except that the receiver performs these operation on the decoded 
bits 209. 

In parallel with the receiver's decoding, deinter leaving and error detect 
logic 207 and error detection, coding and interleaving logic 213, the received signal 205 

10 is supplied to raw decoding logic 215, which merely generates l's and 0's from the 
received signal 205, but does not perform any error correction or deinterleaving. The 
output bit stream supplied by the raw decoding logic 215 is then supplied to one input 
of comparison logic 217. Another input of the comparison logic 217 receives the 
output bit stream supplied by the receiver's error detection, coding and interleaving 

15 logic 213. A third input of the comparison logic 217 receives the error detection signal 
211 generated by the decoding, deinterleaving and error detect logic 207. In 
accordance with one aspect of the invention, the comparison logic 217 examines the 
error detect signal 211. If no error is indicated, then the comparison circuit 217 
calculates, for a given block of received bits, how many differences there were between 

20 the values supplied by the receiver's error detection, coding and interleaving logic 213 
and the raw decoding logic 215. In these instances, this count represents the BER 
estimate. 

However, if the error detect signal 211 indicates that the decoded block 
of bits includes at least one error, then a more meaningful measure of the BER is used 

25 instead. In one exemplary embodiment of the invention, this involves substituting a 
previously generated BER estimate in place of one that would be calculated for this 
block of bits. In an alternative embodiment, a BER prediction algorithm could be used 
to generate a BER estimate that is used in place of one actually calculated for this block 
of bits. Such a prediction algorithm might, for example, base its prediction on 

30 previously generated BER estimates. 

The above-described aspect of the invention solves the problem that 
occurs when an error-free block of decoded bits cannot be generated from received 
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signal 205. In another aspect of the invention, it is recognized that if the signal to noise 
ratio were to drop drastically for a period of time, then there could be a relatively long 
sequence of received data blocks that each include at least one erroneous bit value. If 
the above-described strategy were to be adopted under these conditions, a single BER 
5 estimate would be held for the entire period of time. In this case, the BER estimate 
would be underestimated, which could be dangerous in a power control situation. 

In accordance with another aspect of the invention, a predetermined BER 
estimate is substituted for the calculated one under conditions of successive 
uncorrectable errors in received data blocks. The number of successive blocks that 

10 would invoke this procedure could, for example, be four. In such cases, the 

predetermined BER estimate is preferably set to a value that is higher than a reference 
value used in the power control algorithm. For example, the BER estimate may be set 
to a value of 50% . The goal of such a setting is to make it high enough that the power 
control mechanism will recognize that adjustments need to be made to reduce the BER. 

15 FIG. 3 is a flow chart that illustrates the functioning of the comparison 

logic 217. The supplied error detect signal 211 is tested to determine whether a current 
decoded data block includes at least one erroneous bit value (step 301). If the current 
decoded data block does not include at least one erroneous bit value ("NO" path out of 
decision block 301), then the BER estimate is calculated for the current decoded data 

20 block, utilizing known BER estimation techniques (step 303). Following this step, a 
next block of received data is decoded (step 311), and the process is repeated. 

If the current decoded data block does include at least one erroneous bit 
value ("YES" path out of decision block 301), then a test is made to determine whether 
this erroneous block is an nth consecutive erroneous data block (decision block 305). 

25 For example, n could be set equal to four. 

If the current erroneous data block is not an nth consecutive erroneous 
data block ("NO" path out of decision block 305), then a previously calculated BER 
estimate is used as the BER estimate for this data block (step 307). For example, where 
the current data block is an ith data block, the previously calculated BER estimate could 

30 be the one calculated for the (M)th data block. Following this step, a next block of 
received data is decoded (step 311), and the process is repeated. 



Returning to decision block 305, if the current erroneous data block is an 
nth consecutive erroneous data block ("YES" path out of decision block 305), then the 
BER estimate is simply set equal to a predetermined value, such as 50% (step 309). 
The predetermined value is preferably set high enough to cause the power control 
mechanism to take responsive measures to reduce the BER. Following this step, a next 
block of received data is decoded (step 311), and the process is repeated. 

The invention has been described with reference to a particular 
embodiment. However, it will be readily apparent to those skilled in the art that it is 
possible to embody the invention in specific forms other than those of the preferred 
embodiment described above. This may be done without departing from the spirit of 
the invention. The preferred embodiment is merely illustrative and should not be 
considered restrictive in any way. The scope of the invention is given by the appended 
claims, rather than the preceding description, and all variations and equivalents which 
fall within the range of the claims are intended to be embraced therein. 



